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@ Method of culturing protoplasts. 

© Disclosed is a method of culturing a protoplast in a liquid 
medium. According to the method of the present invention, 
the pH of the liquid medium for culturing the protoplast is 
adjusted to not more than 5.2. 
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BACKGROUND OF THE INVENTION 

I, Field of the Invention 

This invention relates to a method of culturing a 
protoplast. More specifically, this invention relates to 
5 a method of culturing a protoplast in a liquid medium, by 
which a cell cluster or a callus is derived from the 
protoplast. 

II. Description of the Prior Art 

Protoplast is a cell of a plant, bacterium, fungus 

]_0 and the like from which the cell wall has been removed. 
Since the protoplast does not have a cell wall, it is 
easily subjected to an artificial manipulation such as 
cell fusion, gene manipulation and artificial somatic 
cell mutation. Thus, if a complete plant can be 

15 regenerated from a protoplast manipulated, it would be 
possible to obtain a plant which has an advantageous 
characteristic which the wild type plant does not have. 
It is known for many plants that a complete plant can be 
regenerated from a callus or a cell cluster. Thus, if a 

20 callus can be derived from a protoplast, a complete plant 
is likely to be regenerated from the callus, and in turn, 
from the protoplast. 

Some techniques are known for dicotyledons such as 
tobacco by which a complete plant can be regenerated from 

25 a protoplast. However, as for the gramineous plants such 
as rice, wheat and corn, complete plants were reported to 
be regenerated only for corn and pasture. As to rice, 
very few techniques have been reported as mentioned 
below. The conventional culturing methods of the 

30 protoplasts include culturing the protoplasts by 

embedding the protoplast in a semi-solid agar medium, by 
suspending the protoplast in a liquid medium, and by 
culturing the protoplast using feeder cells. However, it 
has been found that these techniques are often not 

35 effective for culturing other plants such as gramineous 
plants including rice, wheat and corn. For example, if a 
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protoplast of rice is cultured by one of these methods, 
the protoplast dies or cannot grow. 

As for culturing techniques of the protoplast of 
rice, it has been reported that a callus was derived from 

5 a protoplast obtained from a cell lacking its nitrate 
reductase (Wakasa et al., J. Plant Physiol* 117 : pp. 
223-231, (1984)), and that a shoot was generated from a 
callus derived from a protoplast obtained from a callus 
of a pollen (Ohno et al., Japanese Journal of Breeding 

10 35: pp. 54-55, (1985))- However, these techniques utilize 
protoplasts released from specific calli, and the 
techniques are applicable to not all kinds of protoplasts 
released from various kinds of calli or tissues. In other 
words, these techniques are not reproducible for most 

15 kinds of protoplasts. 

On the other hand, it has been reported by many 
researchers that complete plants were regenerated from 
cultured cells of rice (Nishi et al., Nature 219 : 
pp. 508-509, (1968))* However, these techniques do not 

20 utilize the protoplast. Further, it has been found that 
obtaining a protoplasm from the cells having a high 
differentiation ability used in these techniques is 
difficult, and to culture the protoplast is also 
difficult. 

25 Thus, a method of culturing protoplasts is needed to 

be established by which a callus or a cell cluster is 
derived from the protoplast, which method is reproducible 
and applicable to protoplasts originated from a general 
or a non-specific cell of a plant. 

30 SUMMARY OF THE INVENTION 

Accordingly, the object of the present invention is 
to provide a method of culturing a protoplast by which a 
cell cluster or a callus is derived from the protoplast, 
which method is reproducible and applicable to those 

35 protoplasts originated from a general or a non-specific 
cell of a plant. 
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According to the method of the present invention, 
protoplasts are cultured in a liquid medium of which pH 
is not more than 5.2 In the conventional methods of 
culturing protoplasts , the pH of the culture medium was 

5 adjusted to 5.5 to 6.0. This invention is based on the 
surprising discovery made by the present inventors that 
if the pH of the culture medium is adjusted to 5.2 or 
less, the protoplasts grow well and form cell clusters. 

By the method of the present invention, not only the 

10 protoplasts of dicotyledons, but also even the 

protoplasts of monocotyledons can be grown well to form 
calli or cell clusters. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
As mentioned above, in the method of the present 

15 invention, the protoplast is cultured in a liquid medium 
of which pH is not more than 5.2. Preferred pH of the 
liquid culture medium is 3.5 to 5.2, and more preferably 
4.0 to 4.7. Adjustment of the pH may be accomplished by 
adding an acid (or a base, in some cases). Any acid (or 

20 base) may be used for the adjustment of the pH, as long 
as it does not adversely affect the growth of the 
protoplast, and HC1 and KOH may be conveniently used for 
this purpose. 

Any medium conventionally used for culturing 

25 protoplasts may be used in the method of the present 
invention after adjusting the pH to 5.2 or less. For 
example , if the protoplast to be cultured is a protoplast 
of rice (plants belonging to genus Oryza such as Oryza 
sativa, Oryza glaberrima and Oryza perennis and so on) , 

30 MS medium (Murashige and Skoog, Physiol. Plant. 15 , 

pp473-479, (1962)), B5 medium (Gamborg et al., Exp. Cell 
Res. 50_, pp. 151-158, (1968)), N6 medium (Chu et al., 
Scientia Scinica 18, pp. 659-663, (1975)) and R2 medium 
(Ohira et al., Plant Cell Physiol., 14, pp. 1113-1121 , 

35 (1973)) may be used as the culture medium. Similarly, if 
the protoplast to be cultured is a protoplast of petunia. 
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NT medium (Nagata and Takebe, Planta 99_ r pp. 12-2 0, 
C197D) may be used. The medium may contain phytohormones 
such as 2,4-dichlorophenoxy acetic acid (hereinafter 
referred to as 2,4-D), indole acetic acid, naphthalene 

5 acetic acid, benzyladenine, kinetin, zeatin, gibberellin, 
and absisic acid? vitamines such as nicotinic acid, 
thiamine and pyridoxine; sugars and sugar alcohols such 
as sucrose and mannitol; and other nutrients, which are 
conventionally added to the culture media for culturing 

10 protoplasts- The concentration of these additives may be 
suitably selected depending on the nature of the 
protoplast to be cultured, and may be, for example, 0*1 
to 100 mg/1 for those other than sugars and sugar 
alcohols, and may be 1 to 30% by weight for sugars and 

15 sugar alcohols. 

It has been found by the present inventors that if 
the medium is a conditioned medium, the growth of the 
protoplast is further promoted. "Conditioned medium" 
herein used means a medium in which a plant cell or a 

20 protoplast was cultured before (hereinafter referred to 
as "used medium" ) r as well as the mixture of such used 
medium and a fresh medium. It is preferred that the 
conditioned medium contains at least 25% by weight of 
used medium, and more preferably at least 80% by weight 

25 of used medium. It is also preferred that the used medium 
have been used for culturing the cells of the same 
species as the protoplast to be cultured, although those 
used media used for culturing different species of plants 
may also be used. 

3 0 The culturing conditions per se may be conventional. 

Thus, the culturing conditions may be appropriately 
selected depending on the nature of the protoplast to be 
cultured. For example, if the protoplast to be cultured 
is a protoplast of rice, the culturing temperature may be 

35 20 to 30°C, and preferably about 26°C, and the population 
density of the protoplasts in the liquid medium may be 
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10 to 10 /ml, and preferably 10 to 5 x 10 /ml. Further, 
it has been found that better results may be obtained by 
culturing the protoplast in a liquid medium of 100 to 400 
jam, especially 200 to 300 jam thickness. 

The method of the present invention may be applied 
to the culture of protoplasts prepared by any method. A 
number of methods to release protoplasts are known for 
various kinds of plants. If the protoplast to be cultured 
is a protoplast of rice, the protoplast may be, for 
example, obtained from a callus of rice by treating the 
callus with an enzymatic solution containing 0.1 to 10% 
by weight, preferably 1 to 5% by weight of cellulase, 0.1 
to 5% by weight, preferably 0.5 to 2% by weight of a 
macerating enzyme, 0 to 5% by weight, preferably 0.1 to 
1% by weight of calcium chloride, and 0 to 5% by weight, 
preferably 0.1 to 1% by weight of potassium salt of 
dextran sulfate* 

This invention will be more readily understood by 
referring to the following examples. It should be noted 
that the following examples are presented for the 
illustration purpose only, and the scope of the invention 
is by no means limited thereto. 
Preparation of Protoplasts 

Seeds of rice (Oryza sativa cultivar, variety: 
Nihonbare) were immersed in 70% aqueous solution of 
ethanol for one minute, and then immersed in an aqueous 
solution of sodium hypochlorite (chlorine content of 5% 
by weight) for 15 minutes. The seeds were then washed 
with sterilized distilled water three times and then 
sowed on N6 agar medium containing 0.3% by weight of 
casein hydrolysate, 2ppm of 2,4-D and lppm of benzyl 
adenine. After culturing at 26°C for three weeks, calli 
were formed from the scutella of the seeds. These calli 
were subcultured once every four weeks in the same 
conditions . 

The thus obtained calli were suspended in R2 liquid 

i 
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medium containing 0.3% by weight of casein hydrolysate 
and Ippm of 2,4-D. The cells were subcultured once a 
week. The cell clusters obtained at 5 to 7 days after 
subculture were used for preparing protoplasts in the 
next step. 

The thus obtained cell clusters were treated with a 
solution containing 4.0% by weight of Cellulase Onozuka 
RS (commercially available from Yakult Pharmaceutical) , 
1.0% by weight of Macerozyme R-10 (commercially available 
from Yakult Pharmaceutical), 0.5% by weight of calcium 
chloride, 0.5% by weight of potassium salt of dextran 
sulfate, and 0.4M of mannitol as an osmoticum. The cells 
were then gently shaked in this solution for 6 hours at 
27 °C to obtain protoplasts. Then the enzymatic solution 
containing the protoplasts was filtered to remove the 
undigested cell clusters, and the filtrate was 
centrifuged at 50g for 5 minutes to precipitate the 
protoplasts. The precipitated protoplasts were washed 
three times with 0.4M aqueous solution of glucose and 
were cultured in the next step. 
Culture of Protoplasts (Example 1) 

R2 media containing Ippm of 2,4-D and 0.4 M of 
sucrose, and having different pH as shown in the Table 
were used for culturing the protoplasts obtained in the 
above-described step. Two hundred microliters of each of 
the media was placed in a plastic Petri dish of 35 mm 
diameter, of which bottom surface was coated with a thin 
agar layer, and 30 jul of a suspension of the protoplasts 
containing 10 6 protoplasts/ml was added thereto, and the 
suspension was spreaded uniformly. After sealing the 
Petri dishes, culture was conducted in the dark at 26 C 
for 30 days. The formation of cell clusters was observed 
using an inverted microscope. The results are shown in 
the Table. 

Culture of Protoplasts (Example 2) 

Protoplasts were prepared in the same manner as 
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described above from scutella of rice (Oryza sativa 
cultivar, variety: Nihonbare) . The R2-based medium used 
in the above step for culturing £he calli of rice was 
filtered to obtain a filtrate (used medium) . To 10 ml of 
this filtrate, were added 50 >ul of 2,4-D of a 
concentration of lOOppm and 1.3 7 g of sucrose- A fresh R2 
medium was supplemented to this used medium at a ratio of 
4:1 (W/W) (used medium 4:fresh medium 1) to obtain a 
conditioned medium. This medium was then filtered through 
a membrane filter to sterilize the same. 

The thus obtained conditioned medium was divided in 
portions and each of them was adjusted of its pH to a 
value shown in the Table with 0.1 N HC1. The protoplasts 
were cultured in each conditioned medium in the same 
manner as in Example 1. The formation of cell clusters 
were observed with an inverted microscope. The results 
are shown in the Table. 
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Table 

Formation of Small Cell Clusters 
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Example 2 
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15 ' ~ 

- : No cell clusters were formed 

+ : Several cell clusters were formed 

-h : Several tens of cell clusters were formed 

•4H-: Several hundreds of cell clusters were formed 



20 

As shown in the Table, by using a medium of which pH 
is 3.5 to 5.2 f cell clusters were formed from the 
protoplasts, while by using a medium of which pH is 5.5 
or 6. 0 f no cell clusters were formed. It can also be seen 
25 that pH of 4.0 to 4.7 is especially preferred. Further, 
it can be seen that by using conditioned medium, better 
results are obtained than those obtained by using fresh 
medium - 

Culture of Protoplasts (Example 3) 

30 The same procedure as in Example 2 was repeated 

except that the ratio (W/W) of used medium to fresh 
medium was 1:4. The same results as in Example 1 were 
obtained. Thus, it can be seen that by using a 
conditioned medium containing 80% by weight of used 

35 medium (Example 2), better results are obtained than 

those obtained by using a conditioned medium containing 
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